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ABSTRACT 
 
 
 
Karki, Hasina. M.S., Purdue University, May 2013. Survey of Antibiotic Resistant 
Bacteria in Fish Gut Collected from Selected Sites. Major Professors: Shree S. 
Dhawale and Ahmed Mustafa. 
 
 
 
Antibiotics and antibiotic resistant bacteria have been detected in the 
aquatic system around the world. We wanted to know whether the wild fish 
population from Cedar Creek watershed in Indiana and reference site in 
Michigan had any antibiotic resistant microbes in their gut samples. 
Additionally we wanted to test hatchery-raised fish for the same reason. The 
main objectives were to 1) isolate antibiotic resistant bacteria that might be 
present in the fish guts, 2) determine the antibiotic resistance phenotype of 
resistant isolates, and 3) to test for the presence of plasmids in selected 
resistant isolates.  Freshwater field fish species were creek chubs (Semotilus 
atromaculatus) and mottled sculpins (Cottus bairdi), and hatchery-raised fish 
were tilapia (Oreochromis niloticus) and coho salmon (Oncorhynchus kisutch). 
Creek chubs and mottled sculpins were collected from 1) two tributaries of 
Cedar Creek- Matson Ditch and Swartz Ditch in Indiana that drain row-crop 
agricultural lands, and 2) a reference site in the East Branch of the St. Joseph 
River near Michigan that drains primarily forested land of the Lost Nation Game 
Reserve. Coho salmon and tilapia were obtained from hatcheries and 
maintained in a fish laboratory at IPFW.   
The antibiotic resistant bacteria from the fish gut were isolated on the 
basis of their resistance to ampicillin.  Out of 70 fish included in this study 50 
fish yielded antibiotic resistant isolates. From each fish except one, 5 bacterial 
x 
 
colonies were isolated giving a total of 248 isolates.  The results indicated 
prevalence of antibiotic resistant bacteria in the gut samples both in the field 
fish and in the hatchery-raised fish. The Matson Ditch fish had the highest 
percentage (94%) of ampicillin resistant bacteria among field sites that were 
sampled. Among two field fish species, creek chubs had more antibiotic 
resistant bacteria (85%) than mottled sculpin (67%). In case of hatchery-raised 
fish, 75% tilapia and 38% coho salmon had antibiotic resistant bacteria. 
All 248 bacterial isolates were further analyzed to determine their 
antibiotic resistance pattern by the Kirby Bauer method using six additional 
antibiotics -penicillin (pen), vancomycin(van), chloramphenicol (cap), 
tetracycline (tet), streptomycin (str) and gentamicin (gen). Since all isolates 
were Gram negative rods, the expected antibiotic resistance phenotype was 
caps, vanr, tets, strs, penr, gens. But many isolates showed multidrug resistance 
including resistance to vancomycin, tetracycline, and streptomycin. From 248, 
34 bacterial isolates (28 from field fish and 6 from hatchery-raised fish) that 
deviated from expected phenotype were selected to test for the presence of 
plasmid.  Only three bacterial isolates (one from field fish and two from 
hatchery-raised) were found to have plasmids.  This data suggests that 
antibiotic resistance in vast majority of isolates is of chromosomal origin. 
After performing series of tests three isolates containing plasmids were 
identified as Serratia marcescens from Matson ditch creek chub; Peudomonas 
alcaligens or P. pseudoalaligens and Aeromonas salmonicida subsp smithia from 
tilapia.  At this point we don’t know whether the plasmids found in these three 
isolates are responsible for conferring antibiotic resistance to these microbes, 
future studies are necessary. Furthermore studies to determine the source of 
antibiotic resistant bacteria are also needed.  
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INTRODUCTION 
 
 
 
“If there is magic on this planet, it is contained in water.” Loren Eiseley 
 
Ever since antibiotics were used for therapeutics, microbial resistance 
against them started to emerge. In 1941 penicillin was used for the first time 
for clinical purposes and at that time less than 1% of the Staphylococcus aureus 
were resistant to this antibiotic. The percentage increased to more than 90% by 
the year 1998 (Denyer et al., 2004). Antibiotic resistance in microbial 
populations occurs because of selective pressure against sensitive phenotypes. 
The presence of antibiotics affects the resistance pattern of microbes in many 
different ways. Some microorganisms like Streptococcus pyogenes have always 
been sensitive to penicillin, even after exposure to this drug for a long time 
(Denyer et al., 2004). 
Apart from selective pressure the presence of resistance genes can also 
spread antibiotic resistance in bacteria. These resistance genes might have 
developed from mutation or the bacteria might have received it from other 
bacteria with resistance genes. Resistance genes spread via plasmids, 
transposons or integrons (Witte, 2000). In figure 1 Witte has shown the spread 
of antibiotic resistance between microorganisms residing in different 
ecosystem such as soil, waste water and aquatic environment. There is 
selective pressure of antibiotics in animal husbandry and hospitals which are 
main reservoirs of resistance genes along with human population under 
antibiotic treatment. These resistance genes in microorganisms can spread 
through food, water and fecal materials (Witte, 2000). The resistance among 
bacteria can remain even without continuous selective pressure of antibiotics. 
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There might be resistance to multiple antibiotics in the native microbial 
population (Daughton and Ternes, 1999). 
 
 
Figure 1: Spread of antibiotics resistance among microbes in different 
ecosystem (Witte, 2000) 
 
 
Studies of rivers conducted at different places in United States have 
shown the presence of bacterial resistance against antibiotics (Ash et al., 
2002). One study near Sugar Creek, Indiana reported the presence of antibiotic 
resistant bacteria in waters near agricultural site that received treated sludge 
(Selvaratnam and Kunberger, 2004). A bacterial source tracking study 
conducted from 2001 to 2004 in the St. Joseph River Watershed, Indiana used 
antibiotic resistance analysis to determine the sources of fecal enterococci 
contamination in the watershed (Ross, 2004). Yet another study in North-
Central Indiana detected antibiotic resistant Escherichia coli O157:H7 in the 
waters of the Wildcat Creek Watershed (Fincher et al., 2009).  
We wanted to detect and identify antibiotic resistant bacteria in the gut 
of fish. For this research the gut content of wild fish population were sampled 
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to detect the presence of antibiotic resistant bacteria.  It is assumed that 
microorganisms collected from fish in sites with drainage from agriculture land 
to will have antibiotic resistant bacteria while those from reference site will 
not. The gut contents of hatchery-raised fish were also tested. We expected 
the guts of the hatchery-raised fish to be free of antibiotic resistant bacteria.  
The main objectives were to 1) detect antibiotic resistant bacteria in the fish 
guts, 2) determine the antibiotic resistance phenotype of resistant bacteria, 
and 3) to test for the presence of plasmids in selected resistant isolates. 
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MATERIALS AND METHODS 
 
 
 
Field Sampling Sites 
 The field sampling sites included two tributaries of Cedar Creek: Matson 
Ditch (ALG) and the Swartz Ditch (CLG), in Indiana (Figure 2). These two 
ditches drain row-crop agricultural lands and are study sites of the 
Conservation Effects Assessment Project (CEAP).   
 
 
 
Figure 2: Matson Ditch (ALG) and Swartz Ditch (CLG). Map courtesy: National 
Soil Erosion Research Laboratory (NSERL), West Lafayette, IN.
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Figure 3: Sampling sites- study area and reference site. Map courtesy National 
Soil Erosion Research Laboratory (NSERL), West Lafayette, IN. 
 
 
The reference site was located near Osseo, Michigan which is in the east 
branch of the St. Joseph River (Figure 3). This stream drains primarily forested 
land of the Lost Nation Game Preserve.  
 
Field Fish 
Two fish species creek chubs (Semotilus atromaculatus) and mottled 
sculpins(Cottus bairdi) were collected from Matson Ditch, Swartz Ditch and 
reference site. These two species were selected for the research because they 
were common at all sites. The sampling was done in November, 2011 by 
electrofishing. The sample size per species varied from 6 to 11. The collected 
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fish were transported alive in aerated stream water to the laboratory for 
measurement and dissection. 
 
Laboratory Fish 
Tilapia (Oreochromis niloticus) and coho salmon (Oncorhynchus kisutch) 
were reared in the laboratory at the Life Science Resource Center (LSRC), 
Indiana University-Purdue University Fort Wayne (IPFW). Tilapia and coho 
salmon were hatchery reared and obtained as larvae and smolts respectively. 
Tilapia were purchased from AmeriCulture Inc., New Mexico and never exposed 
to natural water. Coho salmon were raised at the Bodine Fish Hatchery, 
Mishawaka, Indiana where they were reared in water from the Mishawaka 
River.  These two species were maintained according to guidelines of Purdue 
Animal Care and Use Committee (PACUC). Feed used for these species were 
checked for ampicillin resistant bacteria by taking 1 gram of sample and 
following the method used for the fish gut sample which is explained later in 
this section. At the time of sampling, tilapia were adults and coho salmon were 
smolts. Eight fish of each species were euthanized for analysis. 
 
Measurement and Dissection 
All fish were euthanized in the laboratory with a lethal dose of tricane 
methanesulphonate (MS 222; 200 mg/l; Gensic et al., 2004), weighed and 
measured for total length. The total length includes the measurement of fish 
from the tip of the mouth to end of the caudal fin. 
 
Collection of Bacterial Samples 
About 1 inch of fish gut was aseptically excised and cut open to expose 
the gut contents. Gut contents were placed in 5ml of sterile saline and mixed 
by using a vortex for about one minute. One milliliter of suspension was taken 
from each sample and placed in a sterile microfuge tube for further analysis. 
The remaining mixtures were autoclaved and discarded. 
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Antibiotic Sensitivity Tests 
The microfuge tubes containing the gut suspension were centrifuged as a 
quick spin for a few seconds in a centrifuge. Three volumes of supernatant 
(5µl, 50µl, and 100µl) were dispensed into 5ml Luria-Bertani (LB) medium with 
50 µg/ml ampicillin (LB Amp medium). The inoculated tubes were incubated at 
370C for 14-16 hours in a shaker.  If the medium in a tube was turbid the 
sample was considered to be positive and represented the fish yielding 
ampicillin resistant bacterial isolates. Tubes with no turbidity were considered 
negative and discarded after autoclaving. Positive samples were stored at 40C 
until further use. From each of these positive tubes a quadrant streak was 
performed on a LB Amp medium and incubated at 370C for 18 hours. From each 
plate five isolated colonies were subcultured on a LB Amp medium and 
incubated at 370C for 18 hours for further analysis. Individual bacterial isolates 
were tested for Gram reaction and antibiotic sensitivity. Frozen stock for each 
bacterial isolate was prepared by mixing 1000 µl of sterile double-strength (20g 
in 100 ml of distilled water) skimmed milk, 480 µl of the organism and 320 µl of 
sterile 50% glycerol in 2ml cryovials and stored at -800C.  
 To further classify bacterial isolates, Gram staining and antibiotic 
sensitivity tests were performed as mentioned in Dhawale and LaMaster (2006). 
The six antibiotics (Becton, Dickinson and Company) used for the antibiotic 
sensitivity test were: chloramphenicol (30 µg), gentamicin (10 µg), penicillin G 
(10 Units), streptomycin (10 µg), tetracycline (30 µg) and vancomycin (30 µg). 
The isolates were designated as resistant (r), sensitive (s) and intermediate (i) 
based on the measurement of the zone of inhibition and corresponding 
interpretation in the chart of Clinical and Laboratory Standards Institute (CLSI, 
2007; Appendix F). 
 
Selection of Bacterial Isolates for Further Tests 
Bacterial isolates that showed resistance to at least two or more of the 
antibiotics were selected for further analysis. The selected isolates were 
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analyzed for the presence of plasmid using QIAprep®Spin Miniprep Kit. The 
method followed was taken from the QIAprep® Miniprep Handbook (2006) and is 
included in Appendix A. The visual reading of the cell lysis and complete 
Sodium Dodecyl Sulphate (SDS) precipitation was made possible with the use of 
Lyse Blue reagent included in the kit (QIAGEN plasmid kits, 2012) and is given 
in the Appendix A. DNA samples collected from this analysis were preserved at 
-20oC until further use. The oxidase test was performed for these selected 
isolated so that we could further characterize them. The oxidase test was 
performed by using the Becton, Dickinson and Company (BD) oxidase reagent 
droppers and the direction was followed as mentioned in the catalogue for the 
product (BD Catalogue number 261181).  
 
Gel Electrophoresis 
For the gel electrophoresis 0.7% agarose was prepared in 1 X TAE buffer 
(Appendix B) which is a mixture of Tris base, glacial acetic acid and Na2EDTA. 
The final concentration of ethidium bromide used in the gels and the running 
buffer was 0.5µg/ml. Each DNA sample was mixed to final volume of 10 µl 
where the loading dye (Appendix B) was one tenth of the total volume i.e. 1µl 
loading dye and 9µl of plasmid DNA were mixed and loaded. The λ-DNA BstE II 
digest (Sigma; Product number: D-3041) was diluted with loading dye and 6 µl 
of this DNA marker was loaded to get final concentration of 500 ng per well. 
The electrophoresis was conducted at 110 volts for approximately 90 minutes. 
The gel was observed under the UV using FOTO/Analyst (Fotodyne 
Incorporated) using the ethidium bromide filter. 
 
Restriction Enzyme Digestion 
 Three restriction enzymes were used for the digestion of the plasmids 
obtained from three isolates. These enzymes are six base cutters and their 
detail information is given in the Table 1. Single digestion was carried for each 
enzyme. The reaction mixture totaled 20 µl in volume and contained 2 µl of 
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buffer, 1 µl of enzyme, and 17 µl of plasmid. It was incubated for two hours at 
37oC and then mixed with 3 µl of loading dye and loaded in the wells for gel 
electrophoresis. The method and conditions used for gel electrophoresis was 
exactly the same as before. All enzymes, buffers and plasmids were placed on 
ice while completing the procedure; until the reaction mixtures were 
incubated at 37oC.  
  
Table 1: Details on the restriction enzymes used for the study  
Restriction enzymes and their 
recognition sequence 
Company Catalogue 
number 
Bufffer 
Eco R I 
5`… G ^A A T T  C  ….3` 
3`… C   T T A A^G….5` 
Fermentas ERO271 Eco R I 
Bcl I 
5`… T ^G A T C  A ….3` 
3`… A   C T A G^T….5` 
Fermentas ERO721 G+ 
Pvu II 
5`… C A G ^C T G….3` 
3`… G T C^G A C….5` 
Fermentas ERO631 G+ 
 
 
Identification of Plasmid Bearing Bacterial Isolates  
 Further identification of the bacterial isolates that yielded plasmid was 
completed by performing tests as directed by the identification flow chart from 
http://www.uiweb.uidaho.edu/micro_biology/250/IDFlowcharts.pdf  
(Appendix C),  Bergey’s Manual of Determinative Bacteriology (Holt et al.,1994) 
and Color Atlas and Textbook of Diagnostic Microbiology (Koneman et al., 
1997). Tests were performed for identification as published by Dhawale and 
LaMaster (2006). Tests included- Gram staining, capsule staining, oxidase test, 
motility test, glucose fermentation, VP (Voges-Proskauer) test, mannitol 
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fermentation and Indole test. The method followed for xylose fermentation 
was same as the other sugar fermentation. For pigmentation tests the bacterial 
isolates were streak plated and incubated at room temperature (25oC) and 
nitrate reduction test was carried on as published in Cappucino and Sherman 
(2005). 
 
Water Parameters 
Water quality parameters collected at field sampling sites include 
dissolved oxygen (DO), turbidity, Escherichia coli, total nitrogen, total 
phosphorus, and atrazine.  The range/ maximum value and median 
concentration of these parameters was calculated collectively for the years 
2008-2010 and separately for 2011 within the time starting April and ending in 
July (Appendix D). Weekly data for DO, turbidity and E. coli was obtained from 
data collected by the St. Joseph River Watershed Initiative (SJRWI). Data for 
total nitrogen, total phosphorus, and atrazine were obtained from the National 
Soil Erosion Research Laboratory (NSERL), West Lafayette, IN. The water 
quality parameters in the fish laboratory at LSRC include DO, ammonia, nitrite 
and pH. These parameters were maintained within the recommended values 
given in the Appendix D. 
11 
 
RESULTS 
 
 
 
Ampicillin Resistant Bacterial Isolates  
Fish collected from Matson ditch had the highest percentage (94%) of 
total fish that yielded ampicillin resistant bacterial isolates from the gut (Table 
2). Matson Ditch also had the highest percentage of fish yielding resistant 
isolates in case of both mottled sculpins (83%) and creek chubs (100%). 
Comparing the ampicillin resistant bacterial isolate percentage for each species 
in each site, creek chubs had higher percentage. Comparatively, creek chubs 
(85%) were found to have more ampicillin resistant bacterial isolates than 
mottled sculpins (67%). 76 % field fish and 56% of laboratory fish yielded 
ampicillin resistant bacterial isolates. In total, 71% of collected fish had 
bacterial isolates that were resistant to ampicillin. There was no apparent 
association between the length of the fish species and the resistance to 
ampicillin (Tables 3, 4 and Appendix E).
  
1
2
 
Table 2: Number of fish yielding ampicillin resistant bacterial isolates and total bacterial isolates processed for 
Gram staining and antibiotic sensitivity test 
 
Sampling site Fish species Number of 
fish from 
each 
site(Sample 
size) 
Number of 
fish 
yielding 
ampicillin 
resistant 
bacterial 
isolates (a) 
Percent 
fish 
yielding 
ampicillin 
resistant 
bacterial 
isolates  
Percent total fish from 
each site yielding 
ampicillin resistant 
bacterial isolates 
Total bacterial isolates  
processed for  
Gram staining and 
antibiotic sensitivity 
test 
(a X 5*) 
Reference site 
Mottled sculpins 
Creek chubs 
11 
6 
6 
4 
55 
67 59 
30 
20 
Matson ditch 
Mottled sculpins 
Creek chubs 
6 
10 
5 
10 
83 
100 94 
25 
50 
Swartz ditch 
Mottled sculpins 
Creek chubs 
10 
11 
7 
9 
70 
82 76 
35 
43** 
Fish laboratory 
Coho salmon 
Tilapia 
8 
8 
3 
6 
38 
75 56 
15 
30 
Total 
 
70 50 
 
71 248 
 
*5 bacterial isolates from each of the fish in column ‘a’ 
**Instead of 5, only 3 bacterial isolates were obtained from one of the positive creek chub gut sample. 
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Table 3: Data on the fish length, weight, and presence or absence of ampicillin 
resistant isolates from the reference site mottled sculpins (RS) 
 
Fish Weight (gms) Total length (cms) Growth (G) or No 
Growth (NG) in LB 
Amp(Luria-Bertani 
medium , 
50 µg/ml ampicillin) 
RS1 9.3 9.3 G 
RS2 9.6 9.5 NG 
RS3 10.0 9.3 G 
RS4 8.1 8.5 NG 
RS5 13.3 9.8 NG 
RS6 9.8 8.5 G 
RS7 8.8 8.7 G 
RS8 7.2 7.8 G 
RS9 5.8 7.5 NG 
RS10 7.0 8.5 NG 
RS11 4.9 7.3 G 
 
 
Table 4: Data on the fish length, weight, and presence or absence of ampicillin 
resistant isolates from the reference site creek chubs (RC) 
 
Fish Weight (gms) Total length (cms) Growth (G) or No 
Growth (NG) in LB 
Amp(Luria-Bertani 
medium, 
50 µg/ml ampicillin) 
RC1 116.5 22.7 G 
RC2 17.5 12.0 G 
RC3 14.3 11.3 G 
RC4 9.9 10.0 NG 
RC5 12.0 10.4 G 
RC6 6.6 9.5 NG 
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Antibiotic Sensitivity Test 
 All 248 isolates were Gram negative rods, and therefore, it was expected 
that they would be resistant to penicillin and vancomycin. But these bacterial 
isolates had varying resistance patterns. The representation of the antibiotics 
for showing the resistance phenotype is :– cap (chloramphenicol), van 
(vancomycin), tet (tetracycline), str (streptomycin), pen (penicillin), and gen 
(gentamicin).As all the bacterial isolates were selected on the basis of their 
resistance to ampicillin (amp) and  were Gram negative, the expected 
phenotype was ampr, penr, vanr, gens, caps, strs, tets. But this expected 
phenotype was not observed in all isolates. Apart from ampicillin, all were 
resistant to penicillin and sensitive to gentamicin. Therefore, the phenotype 
penr and gens are not included in Tables 5-12. The percentage distribution of 
the most common phenotypes caps, vanr, tets, strs; tetr, and strr is given in 
Tables 14 and 15. All isolates were resistant to vancomycin except for some 
from mottled sculpins at the reference, creek chubs from the Matson Ditch, 
salmon and tilapia. Of the total isolates, 30 were resistant to at least one 
antibiotic other than penicillin or vancomycin. One isolate resistant to both 
streptomycin and tetracycline was from mottled sculpins from the reference 
site. Creek chubs from the Matson ditch had isolates resistant/intermediate to 
chloramphenicol. Four of the isolates obtained from one creek chub from 
Matson ditch were resistant to multiple antibiotics showing resistance against 4 
out of 6 antibiotics. 
 
 
 
 
 
 
15 
 
Table 5: Antibiotic sensitivity test for the ampicillin resistant bacterial isolates 
obtained from mottled sculpins sampled from the reference site (RS) 
Fish samples Phenotype Number of isolates 
demonstrating the 
phenotype 
RS1 cap
s, vanr, tets, strs 5 
RS3 cap
s, vanr, tets, strs  5 
RS6 cap
s, vans, tetr, strs  1 
caps, vani, tetr, stri  2 
caps, vans, tetr, stri  1 
caps, vans, tetr, strr  1 
RS7 cap
s, vanr, tets, strs  5 
RS8 cap
s, vanr, tets, strs  5 
RS11 cap
s, vanr, tets, strs  5 
(r=resistant, i=intermediate, and s=sensitive) 
 
Table 6: Antibiotic sensitivity test for the ampicillin resistant bacterial isolates 
obtained from creek chubs sampled from the reference site (RC) 
Fish samples Phenotype Number of isolates 
demonstrating the 
phenotype 
RC1 cap
s, vanr, tets, stri  
caps, vanr, tets, strs  
1 
4 
RC2 cap
s, vanr, tets, strs  5 
RC3 cap
s, vanr, tets, strs  5 
RC5 cap
s, vanr, tets, strs  5 
(r=resistant, i=intermediate, and s=sensitive) 
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Table 7: Antibiotic sensitivity test for the ampicillin resistant bacterial isolates 
obtained from mottled sculpins sampled from the Matson Ditch (AS) 
Fish samples Phenotype Number of isolates 
demonstrating the phenotype 
AS1 cap
s, vanr, tets, strs  5 
AS2 cap
s, vanr, tets, strs  5 
AS3 cap
s, vanr, tets, strs  5 
AS5 cap
s, vanr, teti, strs  2 
caps, vanr, teti, stri  2 
caps, vanr, tets, strs  1 
AS6 cap
s, vanr, tets, strs  5 
(r=resistant, i=intermediate, and s=sensitive) 
 
Table 8: Antibiotic sensitivity test for the ampicillin resistant bacterial isolates 
obtained from creek chubs sampled from the Matson Ditch (AC) 
Fish samples Phenotype Number of isolates 
demonstrating the phenotype 
AC1 cap
s, vanr, tets, strs 5 
AC2 cap
s, vanr, tets, strs  3 
caps, vanr, teti, stri  1 
caps, vanr, tets, stri  1 
AC3 cap
s, vanr, tets, strs  3 
caps, vani, tets, strs  1 
capi, vanr, teti, stri  1 
AC4 cap
s, vanr, tets, strs  1 
caps, vanr, tetr, strs  1 
caps, vanr, teti, strs  3 
AC5 cap
s, vanr, tets, strs  4 
caps, vanr, teti, strs  1 
AC6 cap
s, vanr, tets, strs  2 
caps, vanr, tets, stri  1 
caps, vani, tets, strs  1 
caps, vanr, tets, strr  1 
AC7 cap
s, vani, tets, stri  5 
AC8 cap
s, vanr, tets, strs  1 
caps, vanr, teti, strs  1 
caps, vani, tets, stri  3 
AC9 cap
s, vanr, tets, strs  1 
capr, vanr, tetr, stri  3 
capr, vanr, tetr, strs  1 
AC10 cap
s, vanr, tets, strs  2 
caps, vanr, tets, stri  3 
(r=resistant, i=intermediate, and s=sensitive) 
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Table 9: Antibiotic sensitivity test for the ampicillin resistant bacterial isolates 
obtained from mottled sculpins sampled from the Swartz Ditch (CS) 
Fish samples Phenotype Number of isolates 
demonstrating the 
phenotype 
CS1 cap
s, vanr, tets, strs  5 
CS3 cap
s, vanr, tets, strs  5 
CS4 cap
s, vanr, tets, strs  5 
CS6 cap
s, vanr, tets, strs  5 
CS7 cap
s, vanr, tets, strs  5 
CS8 cap
s, vanr, tets, strs  5 
CS10 cap
s, vanr, tets, strs  5 
(r=resistant, i=intermediate, and s=sensitive) 
 
Table 10: Antibiotic sensitivity test for the ampicillin resistant bacterial 
isolates obtained from creek chubs sampled from the Swartz Ditch (CC) 
Fish samples Phenotype Number of isolates 
demonstrating the 
phenotype 
CC1 cap
s, vanr, tets, stri 1 
caps, vanr, teti, stri  3 
caps, vanr, teti, strs  1 
CC2 cap
s, vanr, tets, strs  3 
caps, vanr, tets, stri  1 
caps, vani, tets, strs  1 
CC4 cap
s, vanr, tets, strs  3 
CC5 cap
s, vanr, teti, strs  3 
caps, vanr, teti, stri  2 
CC6 cap
s, vanr, teti, stri  1 
caps, vani, tetr, strs  1 
caps, vanr, teti, strs  1 
caps, vanr, tets, stri  2 
CC7 cap
s, vanr, tets, strs  4 
caps, vanr, teti, stri  1 
CC8 cap
s, vanr, tets, strs  5 
CC10 cap
s, vanr, tets, strs  3 
caps, vanr, teti, strs  1 
caps, vanr, tets, stri  1 
CC11 cap
s, vanr, tets, strs  5 
(r=resistant, i=intermediate, and s=sensitive) 
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Table 11: Antibiotic sensitivity test for the ampicillin resistant bacterial 
isolates obtained from coho salmon sampled from the fish laboratory (S) 
Fish samples Phenotype Number of isolates 
demonstrating the 
phenotype 
S1 cap
s, vans, tets, stri  3 
caps, vani, tets, stri  2 
S2 cap
s, vani, tets, strs  5 
S5 cap
s, vanr, tets, strs  5 
(r=resistant, i=intermediate, and s=sensitive) 
 
Table 12: Antibiotic sensitivity test for the ampicillin resistant bacterial 
isolates obtained from tilapia sampled from the fish laboratory (T) 
Fish samples Phenotype Number of isolates 
demonstrating the 
phenotype 
T1 cap
s, vans, tets, strr  3 
caps, vans, teti, strr  1 
caps, vanr, teti, strs  1 
T3 cap
s, vans, tets, strr  3 
caps, vans, teti, strr  2 
T4 cap
s, vans, tets, strr  2 
caps, vans, teti, strr  3 
T6 cap
s, vanr, tets, strs 4 
caps, vanr, teti, strs  1 
T7 cap
s, vani, teti, stri  1 
caps, vani, teti, strs  4 
T8 cap
s, vanr, tets, strs  1 
caps, vanr, tetr, strs  4 
(r=resistant, i=intermediate, and s=sensitive) 
  
1
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Table 13: Percentage of field fish showing antibiotic resistance phenotypes 
 
Phenotype Mottled sculpin Creek chub All fish 
Reference 
site 
Matson 
Ditch 
Swartz 
Ditch 
Reference 
site 
Matson 
Ditch 
Swartz 
Ditch 
Reference 
site 
Matson 
Ditch 
Swartz 
Ditch 
caps, vanr, tets, strs 83% 84% 86% 75% 44% 46% 80% 57% 64% 
tetr 17% 0% 0% 0% 10% 0% 10% 7% 0% 
strr 25% 0% 0% 0% 0% 0% 10% 0% 0% 
 
 
Table 14: Percentage of laboratory fish showing antibiotic resistance phenotypes  
 
Phenotype Coho salmon Tilapia All fish 
 
caps, vanr, tets, strs 33% 3% 13% 
tetr 0% 13% 9% 
strr 0% 60% 40% 
  
20 
 
Selection of Bacterial Isolates for Presence of Plasmid 
 Out of 248 isolates, 34 that showed different phenotypic patterns for the 
antibiotics resistance than expected phenotype were selected for the plasmid 
isolation. The results of plasmid isolation for isolates are given in Tables 15 and 
16, respectively. As all bacterial isolates from mottled sculpins at Swartz Ditch 
showed expected resistant phenotype, only one isolate was selected for the 
further test. Capsule staining and oxidase tests were also performed in these 
selected isolates. All the isolates were capsulated and 18 were oxidase 
positive. Plasmid isolation yielded samples that were further analyzed using gel 
electrophoresis method. Only three isolates showed the bands under the UV 
along with the marker λ-DNA BstE II digest indicating the presence of plasmids. 
The isolates AC4c, T3c and T4a showed the presence of plasmid. These three 
isolates had common phenotypes caps, penr, gens. The isolate AC4c was 
tetracycline and vancomycin resistant whereas the other two were tetracycline 
resistant and sensitive/ intermediate to streptomycin.  
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Table 15: Oxidase negative isolates and presence (+) or absence (-) of plasmid 
Fish Phenotype for antibiotic resistance Plasmid  
T1e* cap
s, vanr, teti, strs  - 
RS6a cap
s, vans, tetr, strs  - 
RS6b cap
s, vani, tetr, stri  - 
RS6c cap
s, vans, tetr, stri  - 
RS6d cap
s, vans, tetr, strr  - 
AC2b cap
s, vanr, teti, stri  - 
AC3d cap
s, vanr, teti, stri  - 
AC4c cap
s, vanr, tetr, strs  + 
AC9b cap
r, vanr, tetr, stri  - 
AC9c cap
r, vanr, tetr, stri  - 
AC9d cap
r, vanr, tetr, stri  - 
AC9e cap
r, vanr, tetr, stri  - 
AS5a cap
s, vanr, teti, strs  - 
CC5c cap
s, vanr, teti, stri  - 
CC6a cap
s, vanr, teti, stri  - 
CC7b cap
s, vanr, teti, stri  - 
(r=resistant, i=intermediate, and s=sensitive) 
*indicates isolates from hatchery-raised fish selected for plasmid isolation 
 
 
Table 16: Oxidase positive isolates and presence (+) or absence (-) of plasmid 
Fish Phenotype Plasmid 
S1e* cap
s, vans, tets, stri - 
S2a* cap
s, vani, tets, strs  - 
S5a* cap
s, vanr, tets, strs  - 
T3c* cap
s, vans, teti, strr  + 
T4a* cap
s, vans, tets, strr  + 
RC1a cap
s, vanr, tets, stri  - 
AC5c cap
s, vanr, teti, strs  - 
AC6d cap
s, vanr, tets, strr  - 
AC7a cap
s, vani, tets, stri  - 
AC8a cap
s, vani, tets, stri - 
AC10c cap
s, vanr, tets, stri  - 
CC1e cap
s, vanr, teti, strs  - 
CC2a cap
s, vanr, tets, stri  - 
CC6b cap
s, vani, tetr, strs  - 
CC6e cap
s, vanr, tets, stri  - 
CC10a cap
s, vanr, teti, strs  - 
CC10d cap
s, vanr, tets, stri  - 
CS1a cap
s, vanr, tets, strs  - 
(r=resistant, i=intermediate, and s=sensitive) 
*indicates isolates from hatchery-raised fish selected for plasmid isolation 
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Restriction Enzyme Digestion 
 Plasmids from three bacterial isolates were subjected to restriction 
enzyme digestion using three enzymes EcoR I, Pvu II and Bcl I. Figures 3 to 5 
show the band patterns obtained for the uncut plasmid loaded along with its 
digested mixtures and the molecular marker λ-DNA BstE II digest. Because the 
band represented the uncut plasmid, the molecular weight of those plasmids 
could not be determined. Therefore, restriction digestion was performed to 
determine the approximate molecular weights of the plasmids. It was a single 
digestion and all the restriction enzymes used were six-base cutters. The 
probability of having a restriction site for each of the enzymes on the unknown 
plasmid equals to one in 4096 {= (1/4)6} base pairs. The presence of restriction 
sites for these enzymes are important because if there is at least one site that 
will be cleaved, then the linear plasmid molecule will be obtained and its 
molecular weight can be determined. Even though bands were observed after 
performing gel electrophoresis; no conclusion can be made at this time.  
 
23 
 
 
Figure 4: Restriction enzyme digestion for AC4c DNA 
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Figure 5: Restriction enzyme digestion for T3c DNA 
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Figure 6: Restriction enzyme digestion for T4a DNA 
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Identification of Three Bacterial Isolates 
 Three isolates bearing plasmids were identified after performing 
different tests based on the identification chart (Appendix C) and given in the 
tables 17, 18 and 19. 
 
 
Table 17: Identification of bacterial isolate AC4c obtained from Matson Ditch 
creek chub 
 
Tests performed Results Inference 
Gram stain Pink rods Gram negative rods 
Capsule stain Halo around the bacterial cells Capsulated 
Oxidase test Quick appearance of purple 
color  
Oxidase negative 
Lactose fermentation Colorless colonies on 
MacConkey Agar 
Non-lactose 
fermenter 
Indole test No red ring after the addition of 
Kovac’s reagent 
Indole negative 
Urease test No color change into pink Urease negative 
Motility Growth all over the TTC 
(Triphenyltetrazolium chloride) 
medium and red color 
Highly motile 
H2S production No black pigmentation in TSI 
(Triple Sugar Iron) agar 
H2S negative 
Pigment test at 25oC No pigments on TSA (Trypticase 
Soy Agar) plate 
Might be Serratia 
liquefaciens or S. 
marcescens 
Xylose fermentation 
test 
No change in the media color It should be 
 S. marcescens 
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Table 18: Identification of bacterial isolate T3c obtained from tilapia 
 
Tests performed Results Inference 
Gram stain Pink rods Gram negative 
rods 
Capsule stain Halo around the bacterial 
cells 
Capsulated 
Oxidase test No appearance of purple 
color  
Oxidase positive 
Motility test Growth along the stabbed 
line in the TTC 
(Triphenyltetrazolium chloride) 
medium 
Non-motile 
Glucose fermentation No change of color in the 
medium  
Glucose 
nonfermenter 
Pigmentation test No pigmentation observed on 
MH (Mueller-Hinton) agar 
No pigments of 
any kind 
Nitrate reduction 
test 
Red color after addition the 
reagents 
Nitrate reduction 
positive. It could 
be either 
Pseudomonas 
alcaligens or P. 
pseudoalcaligens. 
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Table 19: Identification of bacterial isolate T4a obtained from tilapia 
 
Tests performed Results Inference 
Gram stain Pink rods Gram negative rods 
Capsule stain Halo around the bacterial cells Capsulated 
Oxidase test Quick appearance of purple 
color  
Oxidase positive 
Glucose fermentation Change of color in the medium 
into yellow 
Glucose fermenter 
 
Sodium (Na+) required 
for growth (6.5% 
Sodium Chloride-NaCl) 
No turbidity It is not Vibrio spp. 
Must be Aeromonas 
spp 
VP test No change in color after 
addition of reagents 
VP negative.  
Motility test Growth along the stabbed line 
in the TTC 
(Triphenyltetrazolium chloride) 
medium 
Non-motile, could 
be Aeromonas 
salmonicida or A. 
media 
Pigmentation test No pigments observed on MH 
(Mueller-Hinton) agar 
No pigments of any 
kind. Should be A. 
salmonicida 
Mannitol fermentation 
test 
No change in color Mannitol non- 
fermenter and 
might be  
A. salmonicida 
subsp 
achromogenes or 
subsp smithia 
Indole test No red ring formation after 
addition of Kovac’s reagent 
Indole negative. 
Should be A. 
salmonicida subsp 
smithia. 
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DISCUSSION 
 
 
 
Field Fish and Antibiotic Resistance 
Although the microbial flora in fish intestines have been characterized 
(Cahill, 1990; Geldreich and Clarke 1966), there has been only one study 
(Sunder et al., 2006) that has tested for antibiotic resistance of gut microbes 
from fresh water fish.  The study was conducted in India. Our study focuses 
selected field sites in Indiana (Matson Ditch and Swartz Ditch) and Michigan 
(reference site).  
Our results showed that fish from all field sites; Matson Ditch, Swartz 
Ditch and the reference site had antibiotic resistant bacteria in their guts. The 
presence of antibiotic resistant bacteria in wild fish populations suggests that 
antibiotic resistant bacteria or antibiotics are present in the water. Matson 
Ditch and Swartz Ditch drain land that is used for crop production and animal 
agriculture. The reference site in Michigan receives little run-off from 
agricultural activity. Therefore, it was expected that there would be less 
chance of finding antibiotic resistant bacteria in fish from the reference site 
than in those from ditches.  
Water samples from the Matson and Swartz Ditches, and the reference 
site have been routinely analyzed for several parameters by the St. Joseph 
River Watershed Initiative (SJRWI) and the National Soil Erosion Research 
Laboratory (NSERL), West Lafayette, IN. Among many parameters 5 that were 
chosen for comparison between the three sites include dissolved oxygen (DO), 
turbidity, total nitrogen, total phosphorus and atrazine. If the values of these 
parameters exceed recommended benchmark criteria (Appendix D, Table D5), 
then it indicates possible pollution from agricultural runoff, waste discharges 
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and animal manure run off.  The median concentrations of these parameters 
are presented as pooled data for 2008 to 2010 (Appendix D, Table D1 and D2) 
and separately for 2011(Appendix D, Table D3 and D4). During 2008-2010, for 
all sites the median values of DO (Appendix D,Table D1), total phosphorus and 
atrazine (Appendix D,Table D2) were at concentrations that met benchmark 
criteria. For the same time period median values for turbidity (Appendix D, 
Table D1) and total nitrogen (Appendix D, Table D2) met benchmark criteria at 
the reference sites while exceeding criteria in the Matson Ditch and Swartz 
Ditch. Similar results were observed for these parameters in 2011, except that 
the median value of total phosphorus exceeded the benchmark in Matson Ditch. 
(Unpublished data from St. Joseph River Water Initiative (SJRWI) & National 
Soil Erosion Research Laboratory (NSERL), West Lafayette; provided by Dr. 
Robert Gillespie, IPFW, Biology Department). Comparison of these parameters 
between these sites indicates turbidity, total nitrogen and total phosphorus in 
Matson Ditch and Swartz Ditch seem to exceed benchmark criteria but not in 
the reference site. This difference in turbidity may indicate that Matson Ditch 
and Swartz Ditch might have higher amount of suspended matter and impurities 
(EPA, 1999) in comparison to reference site and sources could be agricultural 
runoff. Difference in total nitrogen and total phosphorus may also be because 
of agricultural runoff (EPA, 2012). For all these field sites Escherichia coli 
CFUs/ 100 ml (CFU-Colony Forming Units) were also calculated and maximum 
values were similar for all sites except for the reference site during 2008-2010 
where it had values lesser than the other two sites. Thus all the sites seem to 
have fecal contamination. However because the reference site receives limited 
runoff from agricultural activities we expected to find less antibiotic resistant 
bacteria from this site.  
In our survey of these sites we used ampicillin as the first antibiotic to 
select antibiotic resistant bacteria.  Ampicillin has been used as first antibiotic 
to select the resistant bacteria in a study of 16 U.S Rivers by Ash et al. (2002) 
because it is broad spectrum antibiotic meaning it can inhibit both Gram 
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positive and Gram negative microorganisms. Ash et al. (2002) examined water 
samples for ampicillin resistant bacteria while we chose to look at the gut 
samples of fish. Because fish are exposed to microorganisms found in water 
directly or food source some of them inhabit gut flora (Hansen and Olafsen, 
1999). Thus examining gut can shed light on the microbial population of that 
site. In our study gut samples from 41 of 54 field fish had bacterial isolates that 
were resistant to ampicillin. Even guts from fish collected at the reference site 
had antibiotic resistant bacteria. Creek chubs had a greater incidence of 
resistant microbes than mottled sculpins. Creek chubs may have a greater 
chance for exposure to ampicillin resistant bacteria and/or other antibiotics 
because of their active behavior. Fish from Matson Ditch had a greater 
incidence of resistant bacteria than those from other sites. 
Irrespective of sites and species all 203 isolates were Gram negative 
rods. These results were unlike studies where percentage of bacteria isolated 
from fresh water/ freshwater fish resistant to antibiotics belonged to both 
Gram negative and Gram positive microorganisms (Sunder et al., 2006; Ash et 
al., 2002). We further performed antibiotic sensitivity tests with six antibiotics. 
Among these antibiotics penicillin (pen) and vancomycin(van) targeted Gram 
positive bacteria, and chloramphenicol (cap), tetracycline (tet), streptomycin 
(str) and gentamicin (gen) are broad spectrum beta-lactamse insensitive 
antibiotics. Therefore the expected phenotype was caps, vanr, tets, strs, penr, 
gens for all the isolates. However many bacterial isolates did not have expected 
phenotype and variety of resistance phenotype were observed. The most 
common phenotype was resistance to ampicillin and penicillin, and sensitivity 
to gentamicin (ampr penr gens).  
From total 203 bacterial isolates resistant to ampicillin 28 were selected 
for further characterization and plasmid isolation because they were resistant 
to at least one antibiotic for which they were not expected to show resistance. 
Since all isolates from mottled sculpins at Swartz Ditch showed the expected 
resistance phenotype, only one isolate was tested for the presence of plasmid. 
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As culture plates for all 28 isolates appeared slimy, capsule staining was 
performed and all were found to be capsulated. Furthermore, to distinguish 
whether these 28 bacterial isolates belonged to Enterobacteriacae family, 
oxidase tests were performed and 13 were oxidase positive. Hence bacteria 
selected for further study do not necessarily belong to Enterobactericae family 
which gives oxidase negative result. After testing for the presence of plasmid in 
all 28 isolates, only one was found to have a plasmid. 
AC4c from Matson Ditch was the only one bacterial isolate from field site 
that showed presence of plasmid. A series of tests (Appendix F) was performed 
to identify this bacterial isolate and the results showed that this isolate was 
Serratia marcescens (AC4c). 
Serratia marcescens has been associated with fish disease occasionally 
and is regarded as a potential pathogen (Baya et al., 1992). Although initially 
considered harmless microbes found in water, they have been recently 
identified as a cause of nosocomial diseases (Hejazi and Falkner, 1997). AC4c 
had resistance against tetracycline and S. marcescens are known to be resistant 
to various antibiotics (Hejazi and Falkner, 1997). Aminoglycosides like the 
gentamicin and streptomycin are effective against S. marcescens (Hejazi and 
Falkner, 1997) which was observed in this study (Table 25). 
 
Hatchery-raised Fish and Antibiotic Resistance 
Similar to field fish study, all bacterial isolates from the hatchery-raised 
fish gut were selected on the basis of ampicillin resistance. Gut samples from 9 
of 16 fish had bacterial isolates that were resistant to ampicillin. It has been 
shown that when antibiotics were applied in aquaculture bacterial resistance 
developed (Miranda and Zemelman, 2002; McPhearson et al., 1991). Because 
both hatcheries claimed that they do not use antibiotics it was expected that 
hatchery-raised fish would not yield ampicillin resistant bacteria from their 
gut.  Coho salmon were raised in the hatchery that uses water from the 
Mishawaka River and this natural water can be the possible source of antibiotic 
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resistant bacteria for coho salmon. Given that tilapia were never exposed to 
natural water the source of antibiotic resistant microflora in their gut samples 
was not known. Therefore, we explored the possibility that these fish might 
have acquired resistant microflora from fish feed used in Dr. Mustafa’s lab at 
IPFW where these fish were maintained. We found that ampicillin-resistant 
bacteria were not present in the feed. It is also important to note that after 
the fish came to laboratory at IPFW, they were not treated with antibiotics and 
were maintained in laboratory condition where the water met all the 
recommended values (Appendix D). Source of water in fish tanks was treated 
city water that was dechlorinated. These facts suggest that hatchery-raised 
fish had antibiotic resistant bacteria in the hatchery. It is very puzzling and the 
reason behind the antibiotic resistance in the bacterial isolates from hatchery-
raised fish remains unknown. 
Nevertheless we wanted to further characterize all bacterial isolates 
from hatchery-raised fish and started with Gram staining.  Studies have 
documented that a high percentage of antibiotic resistant bacteria isolated 
from aquaculture water and/or fish were Gram negative microorganisms but 
Gram positive bacteria were also present (Akinbowale et al., 2006; McPhearson 
et al., 1991).  However, all 45 isolates in our study were Gram negative rods. 
Same six antibiotics that were used to characterize field fish isolates 
were used to determine resistance phenotype for hatchery-raised fish isolates. 
Similarly the expected phenotype was ampr, caps, vanr, tets, strs, penr, gens for 
all the isolates.  Our results show that the most common phenotype was ampr 
penr gens.  The resistance phenotype for samples from coho salmon had varied 
phenotypes; S5  had isolates with resistance to vancomycin whereas isolates 
from S1 and S2 did not (Table 11). As for tilapia, gut samples from T1, T6 and T8 
had isolates with resistance to vancomycin whereas T3, T4 and T7 fish did not. 
Moreover resistance to streptomycin was observed in the isolates from T1, T3 
and T4 (Table 12). Resistance to vancomycin “ the drug of last resort” and 
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streptomycin which is used to treat tuberculosis and other infections is of 
concern.   
On the basis of antibiotics resistance phenotype, we selected six isolates 
(T1e, S1e, S2a, S5a, T3c, and T4a) that were resistant to at least one antibiotic 
for which they should have been sensitive.  Selected isolates were processed to 
detect the presence of plasmids (Table 15 and 16). Of those six only two 
showed the presence of plasmids. Since these isolates were shiny on the 
culture plates, capsule staining was performed and all were found to be 
capsulated. Since some capsulated microbes are known human pathogens, 
further characterization was done by conducting oxidase test. Only one isolate 
was oxidase negative indicating that it might belong to Enterobacteriaceae 
family (T1e). However, this isolate did not contain plasmid. Two isolates from 
tilapia T3c and T4a showed presence of plasmid. After a series of tests 
(Appendix F) these two bacterial isolates were identified as Peudomonas 
alcaligens or P. pseudoalaligens (T3c) and Aeromonas salmonicida subsp 
smithia (T4a). 
The most common bacterial flora in the intestine of fresh water fish 
include Enterobacter, Aeromonas, and Acinetobacter (Cahill, 1990). Aeromonas 
spp are one of the common bacteria isolated from fish gut (Navarrete et al., 
2011). Some species belonging to this genus e.g. A. hydrophila, A. salmonicida, 
A. caviae, and A. sobria can cause diseases such as furunculosis and 
haemorrhagic septicemia (Navarrete et al., 2011).  Plasmid bearing bacteria 
identified as Aeromonas salmonicida subsp smithia in our study may confer 
resistance to antibiotics. However, further studies are needed to demonstrate 
that the plasmid present in this isolate carries antibiotic resistant genes. 
Whatever the mechanism of resistance may be, given the fact that Aeromonas 
spp. are widely distributed in freshwater fish gut (Sugita et al., 1991)it is 
possible that the trait may spread to other microbial communities in fish gut or 
in hatchery water. 
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The possible consequences of having resistant bacteria in aquaculture 
fish are that they can infect food handlers and may cause a public health 
problem with outbreak of antibiotic resistance pathogen. These organisms by 
themselves may or may not be pathogenic but they can transfer their 
resistance genes to pathogens. 
 
Conclusion 
In our studies antibiotic resistance was observed in the gut microflora of 
fresh water fish obtained from Cedar Creek watershed as well as from 
reference site in Michigan.  There were varieties in the antibiotic resistance 
phenotypes, some isolates were multidrug resistant and drug resistance was not 
associated with plasmids because plasmid was not found in 27 out of 28 
isolates. Only one out of 28 isolate had plasmid but the plasmid may or may not 
be conferring resistance against the antibiotics. Therefore, we need to conduct 
further experiments to see whether the plasmid carries resistance genes. 
Similar to field fish antibiotic resistance was also observed among the 
gut microflora in hatchery-raised fish maintained in the fish lab at IPFW.  Given 
that hatcheries do not use antibiotics, antibiotics were not used in the lab and 
no antibiotic resistant bacteria were found in fish feed, the source of antibiotic 
resistant bacteria remains unknown.  Antibiotic resistant isolates from 
hatchery-raised fish had varied phenotypes and two isolates carried plasmids 
but further studies are needed to demonstrate that resistance genes are 
present on those plasmids. 
Additionally future studies could be used to identify sources of antibiotic 
resistance in both field fish and hatchery-raised fish.  These studies can be 
directed toward determining the concentrations of antibiotics in the field sites.  
It will also be interesting to understand the mechanism of multidrug resistance 
and genetic component contributing the resistance. 
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Appendix A 
 
Isolation of Plasmid DNA Using QIAprep®Spin Miniprep Kit (cat. no. 27104) 
LyseBlue® reagent was added to buffer P1 at a ratio of 1 to 1000. RNase 
A solution was added to Buffer P1, mixed and stored at 2-80C. Ethanol (100%) 
was added to Buffer PE before starting the experiment. 1.5 ml of bacterial 
culture grown at 370C for 16-18 hours were pelleted by using table top 
microcentrifuge at 13000 rpm. The sediment was resuspended in 250 µl of 
Buffer P1 and transferred in a microcentrifuge tube. Then 250 µl of Buffer P2 
was added and mixed uniformly by inverting the tubes 4-6 times until the 
solution tuned blue and at the same time taking care that the reaction did not 
proceed more than five minutes. 350 µl of Buffer N3 is added to the tube and 
mixed immediately by inverting few times until the solution tuned colourless. 
The mixtures were centrifuged for 10 minutes at 13000 rpm in a table-top 
microcentrifuge. The supernatant thus obtained was transferred to the QIAprep 
spin column and centrifuged for 60 seconds and the flow-through was 
discarded. The QIAprep spin column was washed by adding 500 µl of Buffer PB 
and centrifuged for 60 seconds and then flow through was discarded. The 
QIAprep spin column was washed using 750 µl Buffer PE, centrifuged for 60 
seconds and flow through discarded. The QIAprep spin column was transferred 
to the collection tube and centrifuged for 1 minute to remove residual wash 
buffer. The QIAprep spin column was placed in a 1.5 ml microcentrifuge tube 
and DNA was eluted by adding 50 µl Buffer EB, letting stand for 1 minute and 
then centrifuged for 1 minute. 
 
                                 
Figure A1: Change of solution colour after addition of Buffer P2(left) and after 
addition of Buffer N3 that confirmed cell lysis and complete SDS precipitation.  
Source: QIAGEN plasmid kits (2012)
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Appendix B 
 
50 X TAE buffer (500 ml) 
300 ml distilled water 
121g Tris Base 
29 ml glacial acetic acid 
50 ml 0.5M EDTA (pH 8.0) 
- dissolve tris in 300ml distilled water 
- add acid and EDTA 
- bring to total volume of 500 with distilled water 
 
0.5 M Na2EDTA pH 8.0 
-dissolve 37.22g Na2EDTA in 150 ml distilled water 
-add NaOH pellets until the Na2EDTA went into the solution 
-adjust pH to 8.0 with concentrated HCl 
-adjust volume to 200 ml then autoclave 
 
Loading dye 
0.25% Xylene cyanol 
0.25% bromophenol Blue 
15% Ficoll (Type 400) 
 
LB Amp media 
The final concentration of Ampicillin (50 mg/mL) in the LB Amp agar plates and 
broth was 0.05 mg/mL. 
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Appendix C 
 
 
 
Figure C1: Identification flowchart of Gram negative rods. 
Source: http://www.uiweb.uidaho.edu/micro_biology/250/IDFlowcharts.pdf 
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Figure C2: Identification flowchart of lactose negative Gram negative rods. 
Source: http://www.uiweb.uidaho.edu/micro_biology/250/IDFlowcharts.pdf   
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Appendix D 
 
Table D1: Average values of water parameters from 2008-2010 
Sampling 
site 
Parameters 
Dissolved Oxygen 
(DO) 
mg/L 
Turbidity 
NTU 
Escherichia coli 
CFU/100ml 
Benchmark 
values 
Median Benchmark 
values 
Median Max Median 
Reference 
site 
4  8.69 10.4  3.9 20051 200 
Matson 
ditch 
9.44 14.80 20051 255 
Swartz 
ditch 
9.39 16.90 20051 930 
Courtesy: St. Joseph River Water Initiative (SJRWI) 
 
Table D2: Average values of water parameters from 2008-2010 
Sampling 
site 
Parameters 
Total Nitrogen mg/L Total Phosphorus 
mg/L 
Atrazine 
 
µg/L 
Benchmark 
values 
Median Benchmark 
values 
Median Benchmark 
values 
Median 
Reference 
site 
2.18  0.71 0.76  0 65  0 
Matson 
ditch 
6.31 0.18 0.08 
Swartz 
ditch 
4.14 0.27 0.045 
Courtesy: National Soil Erosion Research Laboratory (NSERL), West Lafayette, 
IN. 
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Table D3: Average values of water parameters from 2011 
Sampling 
site 
Parameters 
Dissolved Oxygen 
(DO) 
mg/L 
Turbidity 
NTU 
Escherichia coli 
CFU/100ml 
Benchmark 
values 
Median Benchmark 
values 
Median Max Median 
Reference 
site 
4  7.99 10.4 0.20 5600 
 
200 
Matson 
ditch 
8.89 10.8 3240 310 
Swartz 
ditch 
9.19 11.00 3440 310 
Courtesy: St. Joseph River Water Initiative (SJRWI) 
 
Table D4: Average values of water parameters from 2011 
Sampling 
site 
Parameters 
Total Nitrogen mg/L Total Phosphorus 
 
mg/L 
Atrazine 
 
µg/L 
Benchmark 
values 
Median Benchmark 
values 
Medi
an 
Benchmark 
values 
Median 
Reference 
site 
2.18  1.48 0.76  0.05 65  0.14 
Matson 
ditch 
11.01 1.06 0.15 
Swartz 
ditch 
6.32 0.19 0.11 
Courtesy: National Soil Erosion Research Laboratory (NSERL), West Lafayette, 
IN. 
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Table D5: Water quality criteria for the protection of freshwater life and 
reference conditions 
 
Water 
parameter 
Criteria Values Reference 
Dissolved 
oxygen 
Impaired aquatic 
life use 
4 mg/L Criteria for Use 
Support 
Assessment for 
303d Listing 
(IDEM) 
Turbidity Reference 
conditions-level III 
ecoregion 55 
10.4 NTU USEPA 2000 
Atrazine Chronic toxicity 
fish 
65 µg/L Aquatic Life 
Benchmark 
(USEPA-OPP) 
Total nitrogen Protection of 
aquatic life in 
surface waters 
2.18 mg/L USEPA 2008 
Total 
phosphorus 
Protection of 
aquatic life in 
surface waters 
0.76 mg/L USEPA 2008 
*IDEM-Inidana Department of Environmental Management 
*USEPA-U.S. Environmental Protection Agency 
 
 
Table D6: Recommended optimal water quality concentrations for tilapia and 
coho salmon  
 
Water Quality 
Parameters 
Recommended Concentration  
Tilapia  
(Pompa and Masser, 
1999; Losordo, 1997) 
Salmon  
(Wedemeyer et al., 
1990) 
Dissolved Oxygen (DO) 
(mg/L)  
6-9 4-6 
Ammonia (NH3) (mg/L) 2.0-4.0  <0.02 
Nitrite (NO2) (mg/L) <5 <2 
pH 5-8 6-9 
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Appendix E 
 
Table E1: Data on the fish length, weight, and presence or absence of 
ampicillin resistant isolates from the Matson Ditch mottled sculpins (AS) 
 
Fish Weight (g) Total length 
(cms) 
Growth/No 
growth (G/NG) 
in LB Amp 
AS1 9.3 8.8 G 
AS2 14.2 9.2 G 
AS3 10.7 8.7 G 
AS4 3.6 6.3 NG 
AS5 4.7 6.5 G 
AS6 3.0 6.0 G 
 
 
Table E2: Data on the fish length, weight, and presence or absence of 
ampicillin resistant isolates from the Matson Ditch creek chubs (AC) 
 
Fish Weight (g) Total length 
(cms) 
Growth/No 
growth (G/NG) 
in LB Amp 
AC1 59.1 19 G 
AC2 30.3 14.6 G 
AC3 24.6 13.8 G 
AC4 26 13.7 G 
AC5 32 14.7 G 
AC6 30.6 14.6 G 
AC7 33.6 15.8 G 
AC8 26.7 14.3 G 
AC9 13.8 11.5 G 
AC10 5.0 8.0 G 
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Table E3: Data on the fish length, weight, and presence or absence of 
ampicillin resistant isolates from the Swartz Ditch mottled sculpins (CS) 
 
 
 
 
 
 
 
 
 
 
 
 
Table E4: Data on the fish length, weight, and presence or absence of 
ampicillin resistant isolates from the Swartz Ditch creek chubs (CC) 
 
Fish Weight (g) Total length 
(cms) 
Growth/No 
growth (G/NG) 
in LB Amp 
CC1 23.5 13.5 G 
CC2 35.8 16.0 G 
CC3 13.9 11.9 NG 
CC4 12.8 11.5 G 
CC5 15.6 12.5 G 
CC6 16.6 11.8 G 
CC7 54.4 17.2 G 
CC8 21.6 13.0 G 
CC9 16.3 13.0 NG 
CC10 14.4 11.9 G 
CC11 13.4 11.5 G 
 
 
 
 
 
Fish Weight (g) Total length 
(cms) 
Growth/No 
growth (G/NG) 
in LB Amp 
CS1 11.1 9.5 G 
CS2 11.0 9.0 NG 
CS3 11.9 9.4 G 
CS4 13.3 9.7 G 
CS5 14.8 10.4 NG 
CS6 14.9 10.5 G 
CS7 10.3 9.5 G 
CS8 11.7 9.5 G 
CS9 6.6 8.0 NG 
CS10 7.6 8.2 G 
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Table E5: Data on the fish length, weight, and presence or absence of 
ampicillin resistant isolates from coho salmon (S) 
 
Fish Weight (gms) Total length (cms) Growth (G) or No 
Growth (NG) in LB 
Amp(Luria-Bertani 
medium , 
50 µg/ml ampicillin) 
S1 56 17.5 G 
S2 76.9 19.5 G 
S3 102.1 17.5 NG 
S4 89.3 17.2 NG 
S5 44.2 13.5 G 
S6 37.9 13.0 NG 
S7 71.3 16.0 NG 
S8 73.8 15.9 NG 
 
 
Table E6: Data on the fish length, weight, and presence or absence of 
ampicillin resistant isolates from tilapia (T) 
 
Fish Weight (gms) Total length (cms) Growth (G) or No 
Growth (NG) in LB 
Amp(Luria-Bertani 
medium , 
50 µg/ml ampicillin) 
T1 90.2 17.5 G 
T2 52.9 14.5 NG 
T3 18.5 13.7 G 
T4 17.9 12.5 G 
T5 18.3 12.7 NG 
T6 19.9 12.8 G 
T7 15.8 11.9 G 
T8 22.7 13 G 
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Appendix F 
 
Table F1: Interpretation chart from CLSI (2007) using the zone of inhibition size 
Antibiotics  Concentration Zone of inhibition (mm) 
Resistant 
(r) 
Intermediate 
(i) 
Sensitive 
(s) 
Chloramphenicol 
(cap) 
30 µg < 12 13-17 >18 
Vancomycin 
(van) 
30 µg < 9 10-11 >12 
Tetracycline 
(tet) 
30 µg < 14 15-18 >19 
Streptomycin 
(str) 
10 µg < 11 12-14 >15 
Penicillin 
(pen) 
10 units < 28 ---- >29 
Gentamicin 
(gen) 
10 µg < 12 13-14 >15 
 
 
 
 
 
 
 
 
 
 
